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Protein  from  Leaves 

The  leaf  is  destined  to  play  a  vital  role  as  a  source  of  protein 
for  our  food-short  planet.  For  centuries,  most  of  mankind's 
supply  of  this  critical  nutrient  has  come  from  the  seed  of  cereal 
plants,  but  the  varieties  eaten  extensively  only  contain  7  to 
12  percent  protein.  There  is  a  far  richer  potential  to  be  ex- 
ploited in  the  world  of  green  leaves — those  food  factories  whose 
biochemical  activities  ultimately  sustain  all  life.  Few  people 
realize  that  the  leaf,  depending  on  its  kind  and  stage  of  maturity, 
on  a  dry  matter  basis  contains  20  to  30  percent  protein.  Fur- 
thermore, the  husbandry  of  leafy  forage  plants  can  provide 
us  with  the  most  food  from  the  land  and  still  safeguard  it  from 
erosion. 

Alfalfa  ranks  as  the  ideal  plant  for  producing  leaf  protein. 
It  fixes  nitrogen  for  its  own  growth,  is  a  perennial  that  typically 
requires  reseeding  only  every  4  to  10  years,  thrives  from  Mexico 
to  Saskatchewan,  recovers  within  28  days  after  cutting  and, 
depending  on  locality,  offers  3  to  11  cuttings  a  year. 

ARS  researchers  are  making  significant  progress  in  wresting 
protein  from  alfalfa  for  human  diets.  In  work  aimed  at  im- 
proving the  present  method  of  dehydrating  alfalfa  meal  for 
livestock  and  poultry,  they  have  developed  a  wet  process — 
called  the  Pro-Xan  II  process — ^that  sorts  out  the  many  valuable 
substances  in  alfalfa  according  to  most  efficient  use.  A  key  step 
in  the  wet  process  involves  running  fresh,  chopped  alfalfa 
through  rolls  to  squeeze  out  a  large  volume  of  juice.  From  this 
juice  the  researchers  eventually  obtain  two  powdered  products: 
a  green  carotene-xanthophyll  concentrate  for  poultry  feed,  and 
a  white  protein  concentrate  for  human  food.  The  protein  con- 
centrate, with  its  good  balance  of  amino  acids,  can  serve  as 
an  ingredient  for  formulating  high-protein  flours,  and  for  for- 
tifying a  wide  range  of  snack  and  other  foods. 

A  bright  future  lies  ahead  for  alfalfa  protein  concentrate. 
In  feeding  forage  to  livestock,  its  conversion  by  the  animal  in- 
volves a  protein  loss  of  80  to  90  percent.  By  contrast,  the  ARS 
wet  process,  at  its  present  state  of  development,  can  capture 
one-third  of  the  protein  in  alfalfa  in  fiber-free  form.  The  re- 
maining protein  goes  to  livestock  in  the  dehydrated  meal.  Certain 
technological  problems  remain  to  be  solved — increasing  the 
amount  of  protein  extracted,  for  example,  and  removing  im- 
purities and  off  flavors  in  the  protein  concentrate.  In  time, 
however,  agricultural  science  will  exploit  a  new  source  of  protein 
for  a  waiting  world. 
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Dr.  Friedman  inspects  flame  testing  results  on  pieces  of  wool  fabric.  The  material 
on  the  left  was  treated  with  the  newly  developed  flame  retardant  (097JfXlJ^70—20). 


Wool 
triumphs 
over 
flames 


Anew  flameproofing  treatment  for 
wool,  wool-blended  fabrics,  and 
nylon  could  help  eliminate  some  of  the 
3,000  to  5,000  fatalities  caused  every 
year  by  flammable  fabrics. 

Recent  tests  show  that  tetrabromo- 
phthalic  anhydride  (TBPA)  applied 
to  fabric  during  dyeing  is  an  effective 
flame  retardant.  Fabrics  so  treated  will 
further  reduce  the  fire  hazard  of  cloth- 
ing, blankets,  carpets,  and  airline 
upholstery — the  fabric  uses  for  which 
flame  resistance  is  most  needed. 

The  new  treatment  is  economical, 
easy  to  apply,  non-irritating,  and  does 
not  impair  the  dyeing  process.  More- 
over, TBPA  does  not  wash  out  of  treated 


fabrics  even  after  10  dry  cleanings  and 
10  hand  washings  in  mild  detergent  at 
room  temperature. 

The  TBPA  treatment  is  economical 
because  it  can  be  applied  during  the 
regular  dyeing  process  with  no  addi- 
tional expense  for  equipment,  labor,  or 
floor  space.  In  a  typical  dye  applica- 
tion, the  bath  is  heated  to  120  to  125° 
F.  Then  dye  assists,  which  give  the 
fabric  an  even  color,  and  the  flame- 
proofing  compound  are  added,  and  the 
whole  bath  is  heated  for  an  additional 
5  minutes.  The  amount  of  TBPA  used 
is  8  to  12  percent  of  the  weight  of  the 
cloth  being  treated. 

Dve  is  added  next.  TBPA  can  be  used 
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Ease  of  commercial  adaptation  is  one 
of  several  economically  appealing  as- 
pects of  the  textile  treatment  being 
developed  by  ARS  scientists.  Chemical 
engineer  John  Ash  pours  a  solution 
containing  the  chemical  flame-retard- 
ant  into  a  dye  bath  at  the  Western  Re- 
gional Research  Center  (097UX1U71-11). 
Below  left:  Testing  for  skin  irritation, 
laboratory  technician  Dorothy  Robbins 
applies  a  treated  swatch  of  wool  to  a 
shaved  portion  of  an  adult  Albino  New 
Zealand  rabbit.  No  skin  irritation  re- 
sulted from  the  test  or  with  similar  tests 
on  humans  (097jlfXlU70-3).  Below 
right:  Dr.  Friedman  applies  the  flame 
retardant  to  wool  fabric  for  a  labora- 
tory test  (097UX1U70-S0). 


effectively  wtih  several  common  dye 
types.  Finally,  fabric  is  added  and  the 
bath  brought  gradually  to  a  boil.  It 
takes  35  to  40  minutes  for  complete 
color  penetration  with  light  shades  and 
up  to  1^  hours  for  dark  shades.  The 
time  varies  depending  upon  the  type  of 
dye,  fabric,  and  machine  used. 

Although  the  chemistry  of  the  inter- 
action between  TBPA  and  wool  re- 
mains to  be  studied,  the  scientists  think 
that  the  binding  process  is  analogous 
to  that  which  takes  place  in  dyeing. 
Nevertheless,  they  have  noted  no  com- 
petition between  the  dye  and  TBPA 
for  binding  sites  on  the  fabric. 

No  additional  time  is  used  for  the 
flameproofing  treatment  over  usual 
dyeing.  Also,  there  should  be  no  ex- 
pensive recovery  operation  or  disposal 
problem  because  the  fabric  takes  up 
practically  all  the  added  chemical. 

Upon  ignition,  the  treated  wools  com- 
pletely extinguish  themselves  in  a  ver- 
tical flame  test,  standard  laboratory 
evaluation. 

The  TBPA  treatment,  developed  by 
ARS  chemist  Mendel  Friedman  and 
chemical  engineers  Willie  Fong  and 
John  F.  Ash  at  the  Western  Regional 
Research  Center,  Berkeley,  Calif., 
causes  no  color  change  when  exposed 
to  heat.  The  process  has  no  noticeable 
effect  on  the  shades  of  dyes.  All  colors 


are  as  brilliant  and  deep  as  untreated 
fabrics  dyed  with  the  same  concentra- 
tion of  dye. 

"This  process  is  extremely  economi- 
cal not  only  because  of  its  routine,  easy 
application  with  no  need  for  additional 
machinery,  but  also  because  the  chemi- 
cal itself  is  cheap — about  10  cents 
worth  of  TBPA  treats  an  ordinary 
skirt,"  Dr.  Friedman  said. 

The  treatment  has  little  or  no  effect 
on  fabric  softness.  Dresses  and  suits 
manufactured  from  these  flameproof 
fabrics  should  be  every  bit  as  comfort- 
able as  garments  from  untreated  fabrics. 

Treated  fabrics  appear  not  to  cause 
skin  irritation.  A  laboratory  test  ani- 
mal, an  adult  Albino  New  Zealand  rab- 
bit with  a  treated  swatch  taped  to  its 
shaved  back,  did  not  show  signs  of  skin 
irritation.  Also,  when  a  1-inch  square 
patch  was  taped  to  a  human's  inner 
forearm  for  14  hours,  there  was  no  ad- 
verse effect. 

Additional  tests,  conducted  in  co- 
operation with  the  Stored  Product  In- 
sects Research  and  Development  Labo- 
ratory, Savannah,  Ga.,  reveal  that  the 
treated  wools  are  more  moth  resistant 
than  untreated  fabric.  Entomologist 
Roy  E.  Bry  conducted  tests  that  showed 
carpet  beetle  larvae  ate  50  percent  less 
of  the  treated  wool  than  the  untreated 
fabric  over  a  14-day  period.  □ 
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New  uses  for  waste  egg  meats 

Come  and 


FIFTEEN  canine  gourmets  literally 
lapped  it  up — an  experimental 
specialty  dog  food  recipe  using  unre- 
frigerated  waste  egg  meats.  Broken, 
smashed,  or  overheated  during  the 
washing  process,  waste  eggs  from  a 
typical  egg-grading  plant  can  be  prof- 
itably used,  and  more  important,  they 
may  no  longer  be  a  pollutant  that 
plagues  the  egg  industry. 

Many  grading  plants  pour  waste 
wash  water  into  any  available  sewer 
system,  but  inedible  egg  liquids  and 
solids  most  often  go  to  the  city  dump. 
"This  type  of  refuse  is  particularly 
obnoxious,  especially  when  a  day  old. 


City  officials  don't  welcome  rotten  egg 
wastes  in  their  sanitary  landfills,"  said 
ARS  chemist  Douglas  Hamm. 

Scientists  may  have  found  a  way  to 
make  egg  wastes  pay  instead  of  pollute. 
"We  have  over  6,000  grading  plants  in 
the  United  States,  but  most  of  them  do 
not  generate  enough  of  the  waste  prod- 
uct in  any  one  day  to  make  collection 
feasible,"  Dr.  Hamm  added.  "And  most 
grading  plants  have  only  cool  storage — 
10  to  15°  C.  But  if  we  acidify  the  prod- 
uct, keep  it  fresh  and  usable  for  a  week, 
collection  could  be  effective  and  eco- 
nomical. Grading  plants  may  be  50 
miles  apart,  but  by  storing  processed 


egg  meats  for  later  delivery,  we  can 
appreciably  reduce  pollution  and  come 
out  with  a  marketable  by-product." 

Researchers  previously  noted  that 
egg  washer  water  containing  about 
4  percent  egg  solids  did  not  develop  a 
putrid  odor  when  acidified  to  pH  4.5, 
even  when  left  in  an  open  container  on 
the  laboratory  bench  for  several  days. 
The  same  technique  was  applied  on 
waste  egg  products  collected  at  a  com- 
mercial egg  grading  plant. 

Among  various  trial  experiments, 
researchers  studied  the  influence  of 
acidity  and  temperature  on  the  storage 
life  of  waste  egg  meats,  and  the  prac- 
ticability of  using  them  in  a  pet  food 
formulation.  Dr.  Hamm  and  his  col- 
leagues at  the  Richard  B.  Russell  Agri- 
cultural Research  Center,  Athens,  Ga., 
acidified  egg  meats  with  3.4  normal 
hydrochloric  acid  and  successfully 
stored  them  up  to  10  days  in  a  13°  C. 
egg-holding  room. 

Acidified  to  between  pH  4.0  and  4.5 
with  26  milliliters  (ml)  of  3.4  normal 
hydrochloric  acid  per  kilogram  (kg) 
and  stored  in  metal  containers  for  8 
days  at  13°  C,  the  meats  were  taken 
to  a  pet  food  manufacturing  plant  and 
stored  overnight  at  8°  C. 

The  containers  were  opened  and  24 
ml  of  3.4  normal  sodium  hydroxide  per 
kg  of  liquid  egg  were  stirred  into  the 
mixture.  Egg  meats  were  cooked  by  live 
steam  until  they  reached  solid  or  dry 
scrambled  egg  texture.  They  were  then 
incorporated  into  cans  of  specialty  dog 
food  and  put  under  20  pounds  steam 
pressure  for  50  minutes. 

Feeding  tests  were  run  to  compare 
the  experimental  food  with  a  commer- 
cially available  pet  food.  The  latter 
used  fresh  waste  egg  meats  instead  of 
stored  meats,  but  the  recipes  were  the 
same.  Fifteen  dogs  were  offered  both 
samples  simultaneously,  in  a  series  of 
three  feedings.  Dog  acceptance  was 
equally  good  for  the  test  food  and  the 
popular  commercial  brand. 

In  the  future,  yesterday's  unusable 
waste  egg  meats  may  be  Rover's  Sun- 
day dinner.  Q 
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To  determine  the  effectiveness  of  various  formulations,  pheromone-laden  bottle 
caps  are  placed  in  checkerboard  patterns  around  traps  baited  with  live  females, 
which  Dr.  Mitchell  inspects.  The  number  of  males  of  the  various  species  trapped 
enables  researchers  to  determine  if  the  insects  were  "confused"  by  the  synthetic 
pheromone  evaporating  around  the  "calling"  females  (0874.Rl^56-30). 


Inhibiting  sex: 

Another  approach  to  insect  control 


ISOLATION,  identification,  and  syn- 
thesis of  insect  sex  pheromones 
gives  new  hope  for  an  alternative  to 
pesticides  for  insect  control  based  on 
attraction. 

Another  strategy  for  insect  control 
may  be  possible  because  the  positive 
response  of  some  insects  to  the  appro- 
priate sex  pheromone  is  inhibited  by  a 
second  chemical.  Natural  inhibitory 
pheromones  play  an  important  role  in 
maintaining  reproductive  isolation 
among  related  species. 

For  example,  ARS  entomologist 
Everett  R.  Mitchell  and  his  colleagues 
at  the  Insect  Attractants,  Behavior,  and 
Basic  Biology  Research  Laboratory, 
Gainesville,  Fla.,  noticed  that  looplure, 
the  cabbage  looper  sex  pheromone,  was 
also  attractive  to  males  of  a  close  rela- 
tive, the  soybean  looper.  This  attrac- 
tion, however,  was  inhibited  in  the  pres- 
ence of  a  live  female  cabbage  looper. 

Additional  investigations  by  ARS 
scientists  have  further  clarified  this 
phenomenon.  Entomologist  Lonne  L. 
Sower  and  associates  at  the  Gaines- 
ville   Laboratory    worked    with  the 


almond  moth  and  Indian  meal  moth, 
both  of  which  produce  the  same 
pheromone. 

This  shared  pheromone  phenomenon 
may  have  developed  because  the  insects 
have  a  common  ancestry  or  shared  a 
common  habitat.  In  any  case,  attempts 
at  interspecific  mating  would  not  be 
productive,  leading  ultimately  to  de- 
struction of  the  species.  These  insects 
have  evolved  with  a  natural  mechanism 
to  combat  this  danger. 

It  had  been  known  that  female 
almond  moths  produced  a  chemical  that 
appeared  to  inhibit  sexual  behavior  in 
male  indian  meal  moths  and  vice  versa. 
The  scientists  isolated  and  synthesized 
the  chemical  produced  by  indian  meal 
moths  that  inhibited  almond  moths  and 
found  it  approximates  the  effects  of  the 
natural  substance. 

Similar  investigations  were  con- 
ducted with  the  lesser  peachtree  borer 
and  peachtree  borer  by  chemist 
James  H.  Tumlinson  and  his  colleagues 
at  Gainesville  and  at  the  Southeastern 
Fruit  and  Nut  Research  Station  Labo- 
ratory, Tifton,  Ga. 


They  found  that  when  pheromone  of 
the  lesser  peachtree  borer  is  mixed  in  a 
1 :1  ratio  with  pheromone  of  the  peach- 
tree  borer,  it  inhibits  the  response  of  the 
peachtree  borer.  And  even  small 
amounts  of  peachtree  borer  pheromone 
inhibited  the  response  of  the  lesser 
peachtree  borer  to  its  own  pheromone. 
These  pheromones  have  also  been  iso- 
lated, identified,  and  synthesized. 

In  both  cases,  the  mechanism  served 
to  assure  reproductive  isolation  of  the 
species  and  contribute  to  their  survival. 
This  disruption  of  male  response  to 
sex  pheromones  could  be  used  to  block 
reproduction  and  control  pests. 

An  area,  for  example,  might  be  satu- 
rated with  peachtree  borer  pheromone. 
This  might  confuse  the  peachtree  borer 
males  who  would  have  trouble  dis- 
tinguishing synthesized  pheromone 
from  a  pheromone-producing  female. 
In  addition,  the  presence  of  peachtree 
borer  pheromone  in  the  area  would  also 
inhibit  sexual  response  of  lesser  peach- 
tree  borer  males. 

While  application  of  these  findings  to 
practical  insect  control  programs  will 
require  further  investigation,  this  re- 
search is  an  important  addition  to  an 
overall  program  of  analyzing  com- 
pounds that  affect  insect  behavior.  □ 

In  field  tests,  synthetic  pheromone  is 
placed  in  plastic  bottle  caps.  The  phero- 
mone slowly  evaporates  and  the  vapors 
are  spread  by  the  wind  ( 087-i-R14^56-o5). 
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Attacking  salinity  on  irrigated  lands 


The  ability  of  electrically  driven  sprinkler  systems  to  de- 
liver varying  amounts  of  water  makes  them  ideal  for  the 
ARS  research  being  conducted  in  the  Grand  Valley  to 


determine  the  effects  of  salinity  on  irrigation  management 
along  the  Colorado  River  Basin  and  on  other  arid  lands 
where  irrigation  is  required  (0874R1403-16). 


USING  the  word  "excited"  in  refer- 
ring to  agricultural  scientists  may 
be  treating  semantics  a  little  loosely  but 
it  closely  describes  researchers  involved 
with  irrigation  and  salinity  manage- 
ment along  the  Colorado  River  Basin 
and  elsewhere. 

Entirely  new  concepts  of  increasing 
irrigation  efi&ciency  with  the  object  of 
raising  the  quality  and  quantity  of 
water  available  in  the  river  basins  are 
under  study  by  ARS. 

Field  studies  are  being  conducted  at 
Grand  Valley,  Colo.,  and  Tacna,  Ariz., 
based  on  research  coming  out  of  the 
U.S.  Salinity  Laboratory,  Riverside, 
Calif.  At  the  Laboratory,  ARS  scien- 
tists found  that  in  studies  of  crop  re- 
sponse to  salinity  more  emphasis 
should  be  placed  on  the  salinity  of  the 
irrigation  water  rather  than  on  the 


salinity  of  the  soil  water  as  in  the  past. 

When  crops  are  irrigated,  plants 
take  up  some  of  the  water,  some  is  lost 
through  evaporation,  and  some  drains 
through  the  soil  and  goes  back  to  the 
river  or  filters  down  to  ground  water. 

All  natural  waters  used  for  irrigation 
contain  some  salt.  Evaporation  and 
plant  use  concentrates  the  salt  in  the 
fraction  of  water  left  in  the  soil. 

Since  too  much  salt  can  cut  yields  of 
crops,  traditional  practice  has  been  to 
leach  these  salt  concentrations  out  of 
the  field  by  putting  on  excessive 
amounts  of  water.  The  salts  are  moved 
down  and  are  taken  off  in  the  drainage 
water,  oftentimes  returning  to  the  river 
and  creating  problems  for  irrigators  or 
other  downstream  users. 

ARS  plant  physiologist,  Leon  Bern- 
stein, in  studies  at  the  Salinity  Labora- 


Salt  crystals  in  this  soil  sample  show  evidence 
of  the  problem  farmers  have  to  deal  with  in 
the  Colorado  River  Basin  and  on  many  other 
irrigated  lands  (087URU07-27). 
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ATTACKING  SALINITY 


Below:  Mr.  Fischbacher  checks 
soil  moisture  pressure  using 
one  of  the  many  measuring 
devices  scattered  throughout  the 
experimental  plot  (087iRli0i-22). 


Above:  Soil  samples  are  taken 
frequently  for  comparison  with  readings 
from  equipment  buried  in  the  test 
field.  Biological  technician  Gordon 
Fischbacher  takes  a  sample  that  will 
he  analyzed  for  soil  moisture,  salinity, 
and  COi  content  (087JtRl399-2lA). 

Right:  Mr.  Fischbacher  takes  a 
salinity  reading  from  the  reservoir 
which  feeds  the  sprinkler  system. 
The  27-acre  experimental  plot 
is  in  the  background  (087JtRH05—7). 
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tory,  found  that  a  crop — in  this  in- 
stance, alfalfa — gets  most  of  its  water 
from  roots  in  the  top  portion  of  the 
soil  profile.  He  also  found  that  as  long 
as  the  irrigation  water  is  of  good 
quality,  the  plants  can  tolerate  much 
more  salinity  near  the  bottom  of  the 
root  zone  than  had  previously  been 
believed. 

Management,  however,  plays  a  key 
role  because  the  irrigation  water  must 
be  precisely  applied.  The  water  must 
penetrate  the  soil  uniformly  throughout 
the  field.  In  operational  terms,  reduc- 
ing the  leaching  fraction — the  "exces- 
sive" amount  over  and  above  what  is 
needed  for  plant  use  and  evaporation — 
will  result  in  a  reduced  quantity  of  salt 
discharged.  The  practice  changes  the 
composition  of  the  discharged  salt,  and 
as  much  as  30  percent  is  precipitated 
into  chemically  inactive  salts  such  as 
lime  and  gypsum.  Dr.  Bernstein  says 
that  at  this  point  an  equilibrium  can 
be  established  that  can  be  maintained 
over  long  periods  of  time. 

With  this  in  mind,  ARS  scientists  in 


Colorado  and  Arizona  are  irrigating 
more  often  with  less  water,  cutting  the 
volume  of  water  returning  to  the  river 
or  water  table  as  drainage.  By  using 
this  method,  the  researchers  say  a  sub- 
stantial amount  of  salt  will  be  pre- 
cipitated harmlessly  in  a  lower  part  of 
the  root  zone,  staying  in  the  field  and 
out  of  the  river  or  ground  water. 

In  Colorado,  in  cooperation  with  the 
Bureau  of  Reclamation,  ARS  has  in- 
stalled a  600-foot  radius  electric-drive 
pivot  sprinkler  that  irrigates  27  acres 
of  corn.  The  circular  field  is  divided 
in  six  pie-shaped  segments  with  two 
replications  of  three  leaching  frac- 
tions— .05,  .10,  and  .15.  Although  full- 
scale  evaluations  began  this  year,  tests 
last  year  were  judged  quite  successful. 
Corn  yields  compared  favorably  with 
surrounding  fields,  water  application 
rates  and  leaching  fractions  were  about 
what  was  designed  for  the  system,  and 
preliminary  data  on  salinity  showed 
encouraging  trends. 

In  Arizona,  in  cooperation  with  the 
Environmental  Protection  Agency,  ARS 


Center:  Chemist  Robert  Ingvalson  inspects 
the  drip  system  and  tensiometers 
under  a  tree.  While  it  is  called  drip, 
water  actually  squirts  at  1-foot  intervals 
from  a  tube  coiled  around  the  base  of  the 
test  tree.  The  tensiometers  measure 
soil-water  suction  at  15,  30,  Jf5, 
and  60  centimeters  ( cm)  beneath  the 
trees.  Other  tensiometers  set  at  30  cm 
under  the  trees  sense  when  a 
predetermined  "dryness"  is  reached  and 
activate  the  drip  system  for  that 
particular  test  area  (087JfRH08-H). 
Left:  Soil  scientist  James  Wood  watches 
as  Dr.  Ingvalson  examines  vacuum 
regulators  which  collect  moisture 
through  tubes  located  at  a  U-foot  depth 
below  the  entire  test  area.  The  moisture 
is  analyzed  for  volume  aiid  chemical 
content  (087URlh07-3U).  Below:  Dr. 
Ingvalson  checks  a  control  point 
which  can  be  set  to  deliver  different 
amou7its  of  irrigation  water  to 
different  areas  while  Dr.  Wood 
takes  a  salinity  reading  from  an 
underground  sensor  ( 087iRH09—30). 
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Lysimeters  buried  beneath  the  test 
plots  check  moisture  use  of  the  plants 
and  underground  water  flow.  Agri- 
cultural engineer  Dennis  Kincaid  checks 
one  of  the  three  load  cells  that,  despite 
being  under  10  tons  of  soil,  can  detect  a 
"heavy  dew"  (087UR1U01-1). 


scientists  have  set  up  projects  for  trickle 
irrigation  of  citrus  and  sprinkling 
alfalfa  with  a  moving  modified  trickle 
system.  Research  on  the  citrus  plots 
was  started  a  year  ago.  Research  on  the 
alfalfa  plots  is  beginning  now. 

Irrigation  on  the  Arizona  plots  is 
controlled  automatically  by  "querying" 
tensiometers  on  a  regular  time  schedule. 
Salinity  sensors  relay  information  that 
is  used  to  set  tensiometers  to  maintain 
given  salinity  levels  in  the  fields. 

Jan  van  Schilfgaarde,  Director  of  the 
Salinity  Laboratory,   said,   "We  can 


visualize  an  irrigation  management 
system  that,  compared  to  conventional 
practices,  results  in  a  reduced  volume 
of  water  applied  and  a  reduced  quan- 
tity of  salt  discharged  in  a  reduced 
drainage  volume,  while  maintaining 
crop  yields. 

"In  view  of  the  increasing  interest  in 
water  quality  and  the  substantial  im- 
pact of  irrigation  on  the  salt  concen- 
tration in  some  of  our  Western  rivers, 
such  observations  are  particularly 
timely.  They  suggest  that  it  is  possible, 
by  changes  in  irrigation  management, 


to  greatly  reduce  the  amount  of  salt  dis- 
charged from  irrigation  projects,"  Dr. 
van  Schilfgaarde  said. 

"These  observations  also  indicate, 
that,  in  some  circumstances,  it  may  be 
feasible  to  dispose  of  reduced  amounts 
of  highly  concentrated  drainage  water 
by  methods  other  than  returning  it  to 
streams  in  order  to  take  some  of  the  salt 
out  of  the  subsystem.  Evaporation 
ponds  or  bypass  channels  may  become 
feasible  alternatives  for  alleviating  salt 
pollution  if  the  volume  of  drainage 
water  is  sufficiently  small."  □ 
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EKG  transmitter  proves  versatile 


TUCKED  AWAY  in  the  webbing  of  his 
helmet,  a  200-pound  University 
of  Georgia  football  player  wore  a  half- 
ounce  radio  transmitter  originally  de- 
signed to  monitor  the  EKG  of  a  chicken. 

Illustrating  how  research  on  animals 
can  be  applied  to  human  health,  scien- 
tists have  shown  that  an  EKG  or  electro- 
cardiogram of  both  an  athlete  and  a 
chicken  can  be  successfully  measured 
and  transmitted  by  a  tiny  radio  telem- 
etry transmitter.  The  telemetry  trans- 
mitter is  capable  of  measuring  and 
transmitting  physiological  data  by  ra- 
dio to  a  distant  receiver  where  it  can 
be  recorded. 

Although  some  telemetry  transmit- 
ters are  now  available  commercially  for 
monitoring  dynamic  EKGs  of  humans, 
they  are  generally  used  in  coronary  care 
units  for  monitoring  patients.  Most  of 
them  are  too  bulky  for  use  by  football 
players  and  swimmers,  and  they  have 
the  limitation  of  fixed  or  one  frequency 
tuning.  They  are  also  expensive. 

The  biotelemetry  system  developed 
and  constructed  for  use  on  chickens  by 
ARS  agricultural  engineer  Bailey  W. 
Mitchell,  Southeast  Poultry  Research 
Laboratory,  Athens,  Ga.,  has  literally 
"run  with  the  ball."  It  can  monitor 
EKGs  of  athletes  playing  football,  vol- 
leyball, running  track,  swimming,  and 
undergoing  treadmill  tests.  Parts  for  the 
miniature  transmitter  cost  about  $15, 


and  it  can  be  built  by  an  electronic 
technician  in  a  day  and  a  half.  The  en- 
tire monitoring  system  weighs  approxi- 
mately 43  pounds  and  its  various  com- 
ponents can  be  easily  carried  by  two 
men. 

"The  system  itself — combination  re- 
ceiver and  transmitter — costs  around 
$400  compared  to  $1,200  to  $1,300  for 
commercial  systems.  The  transmitter 
alone,  including  labor,  costs  about  $80 
compared  to  $300  to  $500,"  Dr. 
Mitchell  said. 

"Its  wide  tuning  range  is  an  equally 
big  advantage.  It  crosses  the  entire  FM 
band  from  88—108  megacycles.  This 
range  allows  us  to  use  several  transmit- 
ters with  one  receiver  by  tuning  alter- 
nately from  one  to  the  other." 

In  EKG  studies  on  chickens  infected 
with  Newcastle  disease  or  exposed  to 
heat  stress,  the  chickens  are  free  to 
move  around  in  a  four-tiered  cage — or 
if  floor  reared,  in  a  floor  pen.  The  trans- 
mitter is  attached  by  two  strings  be- 
tween the  wings  and  sits  on  the  chicken's 
back. 

To  monitor  a  football  player,  the 
transmitter  was  wrapped  in  two  or  three 
layers  of  thin  foam  rubber  to  reduce 
the  effects  of  shock  and  taped  inside 
his  helmet.  A  small  receptacle  for  the 
electrode  jack  was  placed  at  the  lower 
rear  of  the  helmet. 

During  volleyball  or  track  events,  the 


Designed  originally  to  monitor  the  EKG 
of  a  chicken,  this  V2  ounce  radio  telem- 
etry transmitter  has  been  used  to 
transmit  physiological  data  from 
athletes  competing  in  swimming,  foot- 
hall  and  running  at  the  University  of 
Georgia  (087UX1U25-10A). 

transmitter  was  wrapped  in  a  thin  piece 
of  foam  rubber  and  put  into  a  small 
plastic  pill  container  worn  under  a 
sweat  band  on  the  head.  The  electrodes 
were  applied  before  vigorous  activity 
when  the  skin  was  dry,  shaved,  and 
scrubbed  with  alcohol.  Pads  with  adhe- 
sive on  both  sides  held  the  electrodes 
in  place.  The  electrodes,  2.5  centimeters 
in  diameter,  had  recessed  silver  disks 
so  that  electrical  contact  between  the 
skin  and  the  electrode  was  made  by 
the  electrode  paste. 

The  type  of  antenna  employed  de- 
pended on  distance  and  obstructions  be- 
tween the  subject  and  the  receiver.  In 
monitoring  football  scrimmages,  a  di- 
rectional beam  antenna  was  pointed  in 
the  general  direction  of  the  subject. 
For  swimmers  and  runners — at  dis- 
tances up  to  75  feet — a  built-in  5-foot 
whip  antenna,  similar  to  a  radio  an- 
tenna on  an  automobile,  was  adequate. 

The  system  satisfactorily  monitored 
55  non-athletes  and  17  athletes  on  either 
the  football  or  swimming  team.  Athletes 
reported  no  interference  in  their  per- 
formance while  wearing  the  trans- 
mitters. 

Dr.  Mitchell  collaborated  on  the 
telemetry  tests  with  Dr.  George  0. 
Thomasson,  University  of  Georgia, 
Health  Services,  Athens,  Ga.  □ 
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The  small  transmitter  was  designed  to  be  strapped  to  a  chicken  to  provide  data 
in  studies  of  chickens  infected  with  Newcastle  disease  or  exposed  to  heat  stress. 
Not  being  attached  to  recording  equipment,  the  chickens  are  free  to  roam,  thus 
more  accurate  data  is  collected  under  the  natural  conditions  (087UX1U2U-6A) . 


Dr.  Van  Der  Maaten  examines 
cell  cultures  infected  with  bovine 
leukemia  virus.  The  virus-bear- 
ing cultures  are  transferred  to 
healthy  animals  to  help  ARS 
scientists  identify  the  leukemia- 
causing  virus  (087JfXl2H-23). 


Cattle  leukemia  linked  to  virus 


THE  CAUSE  of  leukemia  in  cattle  has 
been  tentatively  identified  after 
more  than  a  decade  of  attempts  in  this 
country  and  abroad  to  determine  what 
biological  agent  produces  the  disease. 

Research  at  the  National  Animal 
Disease  Center,  Ames,  Iowa,  and  the 
University  of  Wisconsin,  Madison, 
points  to  a  C-type  virus,  isolated  from 
leukemic  cattle,  as  the  causal  agent. 
Most  viruses  associated  with  other 
forms  of  leukemia  are  similarly  clas- 
sified by  structure  as  C-type  viruses. 

Scientists  have  grown  the  virus  in 
the  laboratory  and  used  it  to  infect  both 
cattle  and  sheep.  Its  identification  as 
the  agent  responsible  for  bovine  leu- 
kemia must  remain  tentative,  however, 
until  scientists  can  demonstrate  tumor 
production  by  the  candidate  virus  in 
lymph  tissue  of  cattle.  They  may  not 
obtain  proof  of  tumor  production  for 
several  years,  but  they  are  cautiously 
optimistic. 

ARS  veterinary  medical  officers 
Martin  J.  Van  Der  Matten  and  Janice 
M.  Miller  have  animals  under  observa- 
tion that  were  inoculated  with  the  virus 
as  calves.  The  tumors  typically  do  not 
develop  until  cattle  are  3  to  8  years  old, 
however,  and  then  in  only  a  small  pro- 


portion of  infected  animals. 

If  further  research  confirms  that  the 
candidate  virus  produces  bovine  lym- 
phosarcoma, the  scientific  designation 
of  leukemia  in  cattle,  identification  and 
removal  of  infected  animals  from  herds 
might  be  practical.  The  disease  occurs 
more  often  in  dairy  than  beef  cattle, 
usually  in  widely  scattered  herds,  and 
its  elimination  would  be  desirable  for 
public  health  reasons. 

Difficulty  in  establishing  cell  cultures 
from  tumors  or  white  blood  cells  of 
affected  animals  and  inability  to  estab- 
lish association  between  previously 
isolated  viruses  and  bovine  leukemia 
(AGR.  RES.,  Mar.  1969,  pp.  8-9) 
frustrated  earlier  attempts  to  identify 
the  causal  agent. 

A  short-term  lymphocyte  culture 
technique,  the  first  satisfactory  method 
for  culturing  and  testing  for  the  pres- 
ence of  C-type  virus  in  cattle,  opened 
the  way  for  recent  progress.  This  tech- 
nique was  developed  by  Janice  M. 
Miller,  then  at  the  University  of  Wiscon- 
sin, in  association  with  Lyle  D.  Miller, 
Carl  Olson,  and  Kenneth  G.  Gillette  of 
the  University. 

The  researchers  identified  the  C-type 
virus  in  inocula  prepared  from  cultures 


established  by  this  technique  and  later 
confirmed  that  infection  had  been  estab- 
lished in  experimentally  inoculated 
cattle. 

The  NADC-Wisconsin  research  has 
developed  a  potential  diagnostic  tech- 
nique, a  gel-diffusion  test,  that  identifies 
antibodies  to  the  candidate  virus  in 
blood  serum  of  infected  cattle.  The  test, 
developed  by  Dr.  Janice  Miller  and  Dr. 
Olson,  was  an  essential  research  tool  in 
providing  evidence  that  infection  with 
the  C-type  virus  is  the  same  disease  as 
bovine  leukemia. 

With  the  test,  the  researchers  showed 
that  ( 1 )  most  leukemic  cattle  have  anti- 
bodies to  C-type  virus  antigens,  (2) 
antibodies  are  frequently  found  in  ap- 
parently normal  cattle  in  herds  that 
have  had  multiple  cases  of  leukemia, 
and  (3)  antibodies  occur  much  less  fre- 
quently or  are  absent  in  cattle  from 
herds  in  which  the  disease  has  not  been 
diagnosed. 

With  the  ability  of  the  virus  to  pro- 
duce tumors  in  cattle  yet  to  be  demon- 
strated, the  scientists  are  encouraged 
by  studies  showing  its  tumor-producing 
ability  in  sheep,  a  species  in  which  leu- 
kemia rarely  occurs. 

In  1972,  Dr.  Olson,  Dr.  Lyle  Miller, 
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Whitefringed  beetles: 
Controlling  a  nursery  pest 


Dr.  Janice  Miller,  and  Herbert  E.  Hoss 
of  the  University  of  Wisconsin  inocu- 
lated 13  newborn  sheep.  Of  11  which 
became  infected,  to  date  six  have  de- 
veloped lymphoid  tumors  and  died.  Gel- 
diffusion  tests  confirmed  that  the  virus 
reisolated  from  the  sheep  tumors  was 
the  bovine  C-type  virus. 

Further  progress  in  study  of  the 
disease  should  be  aided  by  a  recently 
developed  laboratory  method  for  grow- 
ing the  virus  in  monolayer  cell  cul- 
tures of  tissue  from  leukemic  cattle. 
Large-scale  concentration  and  purifica- 
tion of  the  \'irus  now  promises  a  con- 
tinuous supply  of  the  virus  in  contrast  to 
the  previously  used  h-mphocyte  culture 
technique.  Virus  production  was  limited 
in  the  earlier  method,  and  cell  degen- 
eration accompanying  virus  release 
made  re-establishment  of  cultures  neces- 
sary every  2  or  3  days.  Studies  by  Dr. 
Van  Der  Maaten,  Dr.  Janice  Miller, 
and  Arliss  D.  Boothe  at  Ames  confirm 
that  the  same  C-type  virus  is  produced 
by  both  culture  techniques. 

Further  studies  may  confirm  the 
candidate  virus  as  the  cause  of  the 
disease,  lead  to  detailed  description 
and  classification  of  the  virus,  and 
determine  its  relationship  to  other 
viruses.  Q 

Veterinarian  Janice  M.  Miller  inspects 
an  agar  gel-diffusion  plate  to  determine 
the  results  of  a  test  she  developed  to 
identify  cattle  infected  with  bovine  leu- 
kemia virus  (0874Xl2iO-16A). 


THE  WHITEFRINGED  BEETLE  is  a 
feminst  par  excellence  in  the  in- 
sect world — there  are  no  males  and  the 
female  reproduces  asexually — but  she 
may  get  her  comeuppance  from  an  ef- 
fective larvicide  tested  by  researchers. 

Although  the  whitefringed  beetle 
damages  peanuts,  watermelons,  and 
other  truck  crops,  damage  in  recent 
years  has  occurred  only  sporadically. 
Infestation  is  most  visible  in  numer- 
ous popular  flowering  plants,  among 
them  azaleas,  camellias,  and  hy- 
drangeas. Reproducing  asexually,  a 
single  beetle  in  a  hedge  plant  ^s'ill  en- 
sure wide  propagation. 

Beetle  populations  attack  semitropi- 
cal  plants  from  Florida  to  Virginia, 
Missouri,  and  Texas.  Most  quarantine 
regulations  require  that  nursery  plants 
grown  on  untreated  land  must  be 
dipped  in  an  accepted  insecticidal 
solution  before  the  plants  can  be 
moved. 

Resistant  to  the  accepted  insecticide 
dip  treatment — a  solution  of  pyre- 
thrinpiperonyl  butoxide — ^the  white- 
fringed beetle  has  survived  State  and 
Federal  quarantine  measures.  In  some 
areas,  chlorinated  hydrocarbon  in- 
secticides such  as  dieldrin  have  been 
used  in  the  soil  instead.  ARS  research 
entomologist  Donald  P.  Harlan  has 
reported  whitefringed  beetle  larvae 
also  resistant  to  dieldrin.  Last  Octo- 
ber, however,  the  Environmental  Pro- 
tection Agency  proposed  a  suspension 
on  the  manufacture  and  use  of  diel- 
drin. The  proposed  suspension  met 
with  some  opposition  and  has  been  ap- 
pealed in  the  courts  by  several  groups. 

To  find  an  effective  treatment  and 
to  determine  the  degree  to  w^hich  it 
could  be  poisonous  to  plants.  Dr.  Har- 
lan, assisted  by  colleagues  from  Gulf- 
port,  Miss.,  and  Animal  and  Plant 
Health  Inspection  Service  scientists 
from  Mobile,  Ala.,  conducted  screen- 


ing tests  with  16  existing  compounds 
in  Mobile  County,  Ala.,  where  the 
larval  resistance  to  dieldrin  had  been 
demonstrated. 

Two-year-old  small  shrubbery 
plants  were  obtained  from  local  whole- 
sale nurseries  in  1-gallon  containers 
in  a  mixture  of  sandy  loam  soil,  peat 
moss,  and  pine  bark.  Ten  large  pre- 
pupal  lan"ae  were  introduced  through 
the  top  and  holes  in  the  bottom  of  the 
pots.  Then  the  16  compounds — some 
proprietary  products  and  some  com- 
mon-named compounds  like  parathion 
and  carbofuran — were  tested  as  dip 
solutions  prepared  by  adding  the  nec- 
essary amount  of  insecticide  to  10  gal- 
lons of  water.  The  plants  were  dipped 
for  15  minutes.  Then  the  plants  were 
maintained  outdoors  in  a  shaded  area 
on  a  polyethylene  sheet  for  periods  of 
2  weeks  and  4  weeks  posttreatment. 

When  the  plants  were  removed  from 
the  containers,  the  soil  was  washed 
through  a  series  of  screens  to  recover 
the  larvae.  Only  one  compound, 
known  commercially  as  Abate,  (  4,000 
parts  per  million  in  water)  gave  100 
percent  kill  4  weeks  posttreatment. 

Tested  on  90  plant  species  and  vari- 
ties  to  determine  toxicity,  the  dip  ap- 
peared to  be  poisonous  to  only  3  plant 
varieties,  all  azaleas  in  the  rhododen- 
dron family.  "Even  those  sensitive 
varieties  recovered  within  one  month 
posttreatment,*'  said  Dr.  Harlan. 

Dr.  Harlan  also  determined  that  any 
addition  of  piperonyl  butoxide  to  the 
compound  did  not  aid  larval  mortal- 
ity, but,  instead,  lowered  the  efficiency 
of  Abate. 

After  a  30-day  holding  period  fol- 
lowing treatment,  no  live  larvae  were 
found  in  the  plants. 

Because  the  dip  also  proved  to  be 
effective  at  a  wide  range  of  tempera- 
tures, it  can  be  used  year-round,  Dr. 
Harlan  said.  O 
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Aluminum  silicate  shields  melons.  Aug— 16 
Anthracnose  resistant  alfalfa  variety.  Oct— 3 
Aphids  controlled  by  fungus.  Nov— 6 
Apples : 

Detecting  bruises  mechanically.  Nov— 11 
Displaying  Golden  Delicious.  Nov— 16 
Improving  Golden  Delicious  color.  Nov— 11 
Pie  thickener  from  apple  wastes.  Sept— 13 
Testing  for  cold  hardiness.  Mar— 16 

Arbor  Day,  editorial.  Apr— 2 

Arc,  a  new  alfalfa  variety.  Oct— 3 

Attractants:  (see  pheromones) 

Atwater  Lecture : 

Harrar  named  as  lecturer.  Feb— 14 
Nutrition  and  numbers  in  the  Third  World. 
May-14 

Avocados,  stretching  the  season  of.  May— 16 
Awards,  service.  July— 15 

Beans : 

Diseases  in  navy  bean  seeds.  Jan— 15 
Bees : 

Strawberry  pollination  studies.  Oct— 20 
Bioenvironmental  in&ect  control,  editorial.  Jan— 2 
Biological  control: 

Amendments  reduce  root-knot.  Oct— 17 

Dung  beetles  control  flies.  Oct— 7 

Editorial,  insect  control.  Jan— 2 

European  corn  borer  sex  attractant  studies. 
Apr— 8 

Flea  beetle  fights  alligatorweed.  Aug— 8 
Fungus  controls  aphids.  Nov— 6 
Inhibiting  insect  sex  attraction.  Dec— 6 
Male-only  house  flies.  May— 3 
Nematode  parasitizes  boll  weevil.  Feb— 11 
Pheromone  for  codling  moth.  May— 15 
Pheromone  traps  red  scale.  June— 8 
Red-banded  leaf  roller  attractant.  Apr— 8 
Tobacco  budworm  sex  attractant.  Oct— 18 
Traps  for  Comstock  mealybug.  Sept— 16 
Viruses  control  algal  blooms.  Aug— 16 
Viruses  control  cabbage  looper.  July— 6 

Boll  Weevil : 

Measuring  sterility  of.  Nov— 16 
Nematode  parasitizes.  Feb— 11 

Bologna,  the  secrets  of  Lebanon,  Sept— 12 

Buckwheat  boom,  editorial.  Sept— 2 

Cabbage looper: 

Controlling  with  a  virus.  July— 6 
Inhibiting  sex  attraction.  Dec— 6 
Rearing  on  styrofoam  trays.  May— 11 
California-red-scale,  detection  of.  June— 8 
Carding,  spiral  method  eliminates  steps.  Feb— 12 
Cattle: 

General : 

Dung  beetles  control  flies.  Oct— 7 
Leukemia  causing  agent.  Dec— 12 
Measuring  rumen  activity.  Nov— 15 
Beef: 

Closer  look  at  crossbreeding.  June— 10 
Complementary  pastures  for  more  beef. 
Feb-3 


Confinement  pens.  Nov— 13 
Curbing  stock-pond  seepage.  Mar— 3 
Forages  for  tomorrow,  editorial.  Mar— 2 
Protection  from  flies.  Aug— 13 
Protein  source  for  the  future,  editorial. 
May-2 

Dairy : 

Feeding  whey  for  nutrition.  Nov— 8 
Cercosporella  foot  rot,  reduction  of.  Nov— 12 
Cholesterol  linked  to  copper-zinc  ratio.  Aug— 10 
Citrus : 

Debittering  orange  juice.  Oct— 19 

Detecting  red  scale.  June— 8 
Clothing : 

Flame  retardant  cottons.  July— 10 

Flame  retardant  for  wools.  Dec— 3 

Protecting  woolens  in  storage.  Sept— 11 
Codling  moth,  pheromone  traps  for.  May— 15 
Cold  exposure  in  seedlings.  Oct— 20 
Cold  hardiness  of  apples.  Mai — 16 
Colorado  River  Basin,  salinity  research.  Dec— 8 
Comstock  mealybug,  pheromone  traps  for.  Sept— 16 
Copper,  cholesterol  level  linked  to.  Aug— 10 
Corn : 

Corn  oil  and  nutrition.  Oct— 6 
High  oil  content.  Oct— 6 
New  emetic  from  moldy  corn.  May— 16 
Cotton: 

Delaying  harvests  is  costly.  Mar— 16 
Germination  quality  of  seed.  May— 7 
Ginning  improved  with  mote  grooves.  Oct— 13 
Nematode  parasitizes  boll  weevills.  Feb— 11 
New  resistant  lines  of.  June— 15 
Spiral  carding  fibers.  Feb— 12 
Temperature  and  seed  maturation.  May— 7 
Turning  fabrics  to  glass.  Nov— 3 
Crossbreeding  of  cattle.  June— 10 

Dairy  products : 

Feeding  whey  to  dairy  cattle.  Nov— 8 
Fresher  whole  milk  concentrate.  Feb— 13 
Ways  with  whey,  editorial.  July— 2 

Dialdehyde  starch  in  paper  products.  May— 8 

Disease  research : 

Advancing  against  Salmonella.  June— 14 
Amendments  reduce  root-knot.  Oct— 17 
Anthracnose-resistant  alfalfa.  Oct— 3 
Downy  mildew  in  sunflowers.  Jan— 3 
Dutch  elm  resistant  trees.  Mar— 13 
Evaluating  Newcastle  vaccine.  Aug— 7 
Foreign  pathogens  and  pests.  Oct— 9 
Leukemia  in  cattle.  Dec— 12 
Navy  bean  seeds.  Jan— 15 
New  insights  into  heart  disease.  Aug— 10 
Phytophthora  resistant  alfalfa.  Feb— 6 
Reducing  wheat  foot  rot.  Nov— 12 
Research  on  SPA  in  sheep.  Sept— 14 
Test  for  Salmonella.  Mar— 15 
Testing  VEE  vaccine.  Sept— 8 
Understanding  Marek's  disease  vaccine.  Oct— 8 
Wheat  rust  and  remote  sensing.  May— 11 

Downy  mildew  in  sunflowers.  Jan— 3 

Drainage : 

Trenching  clay  soils.  Sept— 5 

Drought,  research  on.  Oct-16 

Dutch  Elm  disease,  resistance  to.  Mar— 13 

Eastern  equine  encephalomyelitis  vaccine.  Sept— 8 
Editorials : 

Arbor  Day.  Apr— 2 

Bioenvironmental  insect  control.  Jan— 2 
Buckwheat  boom.  Sept— 2 


Durable  mosquito.  June— 2 
Extracting  protein  from  alfalfa.  Dec— 2 
Forages  for  tomorrow.  Mar— 2 
Manure  in  soil  management.  Feb— 2 
Plant  breeding  bank.  Oct— 2 
Protein  perspective.  May— 2 
Reclaiming  brushy  rangelands.  Nov— 2 
The  number  one  pollutant.  Aug— 2 
Ways  with  whey.  July— 2 
Egg  wastes  used  in  dog  food.  Dec— 5 
Electrocardiogram,  measurement  of.  Dec— 11 
Elm,  American,  resistant  to  Dutch  Elm.  Mar— 13 
Engineering : 

Cleaner  poultry  processing.  May— 6 
Crystal-controlled  stopwatch.  Apr— 14 
Detecting  apple  bruises.  Nov— 11 
Experimental  steam  blancher.  Apr— 12 
Heating  poultry  houses.  Oct— 18 
Instant  tester  for  fat  in  meat.  July— 8 
Measuring  rumen  activity.  Nov— 15 
Mechanical  lettuce  harvester.  Jan— 8 
Mote  grooves  for  cotton  ginning.  Oct— 13 
New  tool  for  water  conservation.  Feb— 14 
Pneumatic  track  for  farm  equipment.  July— 16 
REP  machine  for  plant  measurements.  Apr— 3 
Seed  handling,  cleaning,  and  storage.  Jan— 5 
Spiral  carding  fibers.  Feb— 12 
Toward  effective  windbreaks.  June— 16 
Environment ; 

Arbor  Day,  editorial.  Apr— 2 
Cleaner  poultry  processing.  May— 6 
Egg  wastes  used  in  dog  food.  Dec— 5 
Erosion  control  saves  nutrients.  Jan— 6 
Insect  attraction  to  street  lights.  May— 10 
Male-only  house  flies.  May— 3 
Nitrogen  removal  from  sewage.  July— 3 
Priorities  for  Habitat  2000.  Aug— 12 
Red  maples  for  urban  areas.  Aug— 3 
Reducing  textile  pollutants.  Jan— 15 
Remote  sensing  of  wheat  rust.  May— 11 
Saline  seep  prevention.  Apr— 10 
Sulfur  dioxide  effects  on  trees.  Aug— 5 
Toward  effective  windbreaks.  June— 16 
Viruses  control  algal  blooms.  Aug— 15 
Enzymes  measure  meat  freshness.  Nov— 15 
Erosion : 

Control  on  wheat  fields.  Nov-12 
Controls  save  nutrients.  Jan— 6 
Using  feedlot  wastes  to  control.  Nov— 7 
European  corn  borer,  biological  control  of.  Apr— 8 
Evapotranspiration,  measurement  of.  Apr— 3 

Fat  analyzer  on  the  market.  July— 8 
Feedlot  wastes: 

Nitrates  in  abandoned  feedlots.  June— 16 

Used  as  fertilizer.  May— 15 

Used  to  control  erosion.  Nov— 7 
Fertilizer : 

Feedlot  wastes  as.  May— 15 

Manure,  vital  constituent,  editorial.  Feb— 2 

Nitrogen  and  apples.  Nov— 11 

Nitrogen  on  rangelands.  Nov— 15 

Nitrogen  test  for  sugarbeets.  Mai>-14 
Fish,  chemical  saves  rearing  facility.  Sept— 6 
Flame  retardant  cottons  pass  tests.  July— 10 
Flame  retardant  for  woolens.  Dec-3 
Forages  for  tomorrow,  editorial.  Mar— 2 
Forage  improvements,  editorial.  Nov— 2 
Foreign  pathogens : 

Disease  research  laboratory.  Oct— 9 

USDA  tightens  importation  watch.  Sept— 15 
Formamidines  used  as  deticking  agents.  Aug— 15 
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Fruit : 

AvocodoB,  stretching  the  season  of.  May— 16 
Cold  hardiness  of  apples.  Mar— 16 
Detecting  apple  bruises.  Nov— 11 
Hydraircooling  of  peaches.  Jan— 12 
Improved  apple  display  stands.  Nov— 16 
Improving  Golden  Delicious  color.  Nov— 11 
Pie  thickener  from  apple  wastes.  Sept— 13 

Fungus  for  control  of  aphids.  Nov— 6 

Fusarium  : 

Ne»-  emetic  from  moldy  corn.  May— 16 
Resistant  lines  of  cotton.  June— 15 

Genetics,  animal : 

Male-only  house  flies.  May— 3 

Tobacco  budworm,  genetics  vs.  June— 12 

Yellow-eyed  melon  fly.  Mar— 15 

Genetics,  plant : 

Anthracnose-resistant  alfalfa.  Oct— 3 
Better  red  maples.  Aug— 3 
Breeding  the  perfect  melon.  June— 6 
Buckwheat  boom,  editorial,  Sept— 2 
Corn  oil  geometry  and  nutrition.  Oct— 6 
High-oil  corn  varieties.  Oct— 6 
Hybrid  soybean  research.  Feb— 8 
Hybrid  sunflower  development.  Jan— 3 
More  nutritious  wheat  strain.  Mar— 6 
New  alfalfa  for  wet  soils.  Feb— 6 
New  sugarcane  varieties.  Sept— 14 
Pepper  abscission  layer.  Mar— 12 
Plant  breeding  ba  *  ,  editorial.  Oct— 2 
Resistant  lines  of  cotton.  June— 15 
Slow  rusting  spring  wheat.  Feb— 16 
Sulfur  dioxide  effects  on  trees.  Aug— 5 
Tall  sorghums  yield  more.  Sept— 15 

Germination  of  cottonseed.  Apr— 7 

Gizzard  size  and  broiler  problems.  Aug— 14 

Glass,  turning  cotton  fabrics  to.  Nov— 3 

Graded  furrows  or  terraces?  June— 11 

Gravel  mulch  reduces  water  losses.  Sept— 7 

Gulf  Coast  Tick,  zeroing  in  on.  June— 5 

Handbook  for  the  Home,  Agricultural  Yearbook. 
Feb-15 

Harvesting:  (see  mechanical  harvesting,  also) 

Cotton  delays  are  costly.  Mar— 16 

Safety  devices  for  sugarcane  workers.  Apr— 16 
Heterosis,  a  closer  look  at.  June— 10 
Horn  flies : 

Dung  beetles  control.  Oct— 7 

Protection  for  cattle.  Aug— 13 
Horse  fly,  protection  of  cattle  from.  Aug— 13 
Horses,  testing  VEE  vaccine  for.  Sept— 8 
House  flies,  breeding  males  only.  May— 3 
Housing,  experimental,  low-cost  Mar— 8 
Hybrid  soybeans  a  step  nearer.  Feb— 8 
Hydraircooling  of  peaches.  Jan— 12 

Imported  fire  ant,  super  colony  of.  July— 12 
Indian  meal  moth,  inhibiting  attraction.  Dec— 6 
Insects : 

Aphids,  control  with  a  fungus.  Nov— 6 
Attracting  to  street  lights.  May— 10 
Bioenvironmental  control,  editorial.  Jan— 2 
Boll  weevil  sterility  tests.  Nov— 16 
Cabbage  looper: 

Light  affects  oviposition.  June— 15 

Rearing  methods.  May— 11 
Comstock  mealybug,  trapping.  Sept— 16 
Dung  beetles  control  horn  flies.  Oct— 7 
European  corn  borer,  control  with  attractants. 
Apr-8 

Flea  beetle  fights  alligatorweed.  Aug— 8 
Flies,  protection  of  cattle  from.  Aug— 13 
Guarding  against  VEE  spread.  Sept— 8 
Gulf  Coast  Tick,  zeroing  in  on.  June— 5 
House  flies,  male-only.  May— 3 
Imported  fire  ant,  super  colony  of.  July— 12 
Inhibiting  sex  attractants.  Dec— 6 
Mosquitoes : 

Controlling  in  cemetery  vases.  Apr— 15 
Research     advances     against,  editorial. 
June— 2 

Protecting  woolens  from.  Sept— 11 
Red-banded  leaf  roller,  biological  control  of. 
Apr— 8 

Red  scale  of  citrus,  detection  of.  June— 8 


Tissue  culture  in  insect  control.  July— 6 

Tobacco  budworm : 

Genetic  advances  against.  June— 12 
Sex  attractant  synthesized.  Oct— 18 

Whilef ringed  beetle  control.  Dec— 13 
Irrigation  and  salinity  management.  Dec— 8 

Jaagsiekte,  research  on.  Sept— 14 

Kale,  retaining  freshness  of.  Jan— 16 

Kochia  weed  reduces  sugarbeet  yields.  Jan— 15 

Lebanon  bologna,  unlocking  secrets  of.  Sept— 12 

Lettuce,  mechanical  harvesting  of.  Jan— 8 

Leukemia  in  cattle.  Dec— 12 

Light  affects  looper  oviposition.  June— 15 

Lighting  that  attracts  fewer  insects.  May— 10 

Liver  biopsy  technique.  Nov— 14 

Livestock : 

Air  shipment  of.  Oct— 19 

Zeroing  in  on  Gulf  Coast  Tick.  June— 5 

Male-only  house  flies.  May— 3 

Marek's  disease,  understanding  the  vaccine.  Oct— 8 

Marketing : 

Detecting  apple  bruises.  Nov— 11 

Improved  Golden  Delicious  apples.  Nov— 11 

Instant  fat  tester  for  meats.  July— 8 

Meat: 

Controlling  nitrosamines.  Nov— 5 
Detection  of  frozen-thawed  meats.  Nov— 15 
Instant  fat  tester  for  meats.  July— 8 
Making  Lebanon  bologna.  Sept— 12 

Mechanical  harvesting: 
Lettuce.  Jan— 8 
Peppers.  Mar— 12 

Medicine : 

Liver  biopsy  technique.  Nov— 14 
Measuring   EKG's   in   chickens    and  humans. 
Dec-11 

Measuring  red  blood  cell  fragility.  Nov— 14 
Melon  fly,  yellow-eyed  mutant.  Mar— 15 
Melons : 

Breeding  the  perfect  melon.  June— 6 
Whitewashing  for  solar  protection.  Aug— 16 

Metabolism  and  pesticide  intake.  May— 12 

Meteorology  research.  Oct— 16 

Micro  antiglobulin  test  for  Salmonella,  June— 14 

Microbiology : 

Making  Lebanon  bologna.  Sept— 12 

Milk  concentrate  that  stays  fresh-tasting.  Feb— 13 

Mirex,  its  affects  on  reproduction.  Sept— 16 

Molds : 

Phytophthora  megasperma  in  alfalfa.  Feb— 6 

Morrison  lecture: 

Barbara  Ward  named  Lecturer.  Apr— 14 
Priorities  for  Habitat  2000.  Aug— 12 

Mosquitoes : 

Controlling  in  cemetery  vases.  Apr— 15 
Research  advances  against,  editorial.  June— 2 

Mote  grooves  improve  cotton  ginning.  Oct— 13 

Nematodes : 

Controlling  with  amendments  to  soil.  Oct— 17 

Cotton  resistant  to  root-knot.  June— 15 

Parasitizing  boll  weevils.  Feb— 11 
Newcastle  vaccine,   evaluating  response  to.  Aug— 7 
New  England  ARS  lab  dedicated.  Oct— 19 
Nitrates  in  abandoned  feedlots.  June— 16 
Nitrogen : 

Application  on  rangelands.  Nov— 15 

Improving    Golden    Delicious    apple  color. 
Nov-11 

Nitrogen  in  rainfall.  Apr— 16 

Removal  from  sewage.  July— 3 

Runoff  pollution.  Jan— 6 

Sugarbeet  testing.  Mar— 14 
Nitrosamines  in  meat.  Nov— 5 

Nuclear  polyhedrosis  virus  in  insect  control.  July— 6 
Nursery  plants,  protection  from  beetles.  Dec— 13 
Nutrition,  animal: 

Cattle  in  confinement  pens.  Nov— 13 
Complementary  pastures  for  cattle.  Feb— 3 
Feeding  whey  to  cattle.  Nov— 8 
Forages  for  tomorrow,  editorial.  Mar— 2 
High-oil  corn.  Oct— 6 


Nutrition,  human: 

Atwater  lecture.  May— 14 

Buckwheat  boom,  editorial.  Sept— 2 

Corn  oil  geometry.  Oct— 6 

More  nutritious  wheat  strains.  Mar«-6 

New  insights  into  heart  disease.  Aug— 10 

New    soy    concentrate.    Apr— 15 

Peanut  butter.  Apr— 6 

Protein  from  hulled  oats.  Nov— 15 

Vanadium  is  an  essential  element.  Mar— 13 

Oats,  extracting  protein  from.  Nov— 15 
Oils,  degraded  by  soils.  Feb— 15 
Onions,  retaining  freshness  of  green.  Jan— 16 
Orange  juice,  debittering  of.  Oct— 19 
Oviposition,  light  affects  looper.  June— 15 
Ozone,  red  maple  tolerance  to.  Aug— 3 

Paper  products,  wet  strength  of.  May— 8 
Pasture,  complementary  systems  increase  produc- 
tion. Feb— 3 
Peaches,  hydraircooling  of.  Jan— 12 
Peanut  butter,  protein  and  nutrition  in.  Apr— 6 
Peppers,  abscission  gene  found.  Mai — 12 
Pesticides,  stimulating  intake  of.  May— 12 
Pheromones  : 

Codling  moth.  May— 15 
Inhibiting  sex  attraction.  Dec— 6 
Jamming  insect  communications.  Apr— 
Tobacco  budworm  sex  attractant.  Oct— 18 
Trapping  Comstock  mealybugs.  Sept— 16 
Phosphorous  runoff  pollution.  Jan— 6 
Photosynthesis,   measurement  of.  Apr— 3 
Physiology,  plant : 

REP    machine    aids    in    field  measurements. 
Apr— 3 

Plant  genetic  bank,  editorial.  Oct— 2 

Plant  science  lab  dedicated.  Oct— 19 

Plastics,  adding  starch  to.  Sept— 3 

Pneumatic  track  for  farm  equipment.  July- 16 

Pollination  of  strawberries.  Oct— 20 

Pollution : 

Cleaner  poultry  processing.  May— 6 
Controlling  erosion  with  wastes.  Nov— 7 
Egg  wastes  used  in  dog  food.  Dec— 5 
Graded  furrows  or  terraces?  June— 11 
New  tool  for  water  conservation.  Feb— 14 
Nitrates  in  abandoned  feedlots.  June— 16 
Nitrogen  in  rainfall.  Apr— 16 
Nitrogen  removal  from  sewage.  July— 3 
Potato  cooking  oils  degraded.  Feb— 15 
Priorities  for  Habitat  2000.  Aug— 12 
Red  maples  for  urban  areas.  Aug— 3 
Reducing  wastes  in  textile  industry.  Jan— 15 
Sediment  pollution,  editorial.  Aug— 2 
Sulfur  diojside  effects  on  trees.  Aug— 5 
Using  apple  wastes  as  pie  thickener.  Sept— 13 
Using  whey  as  a  dairy  feed.  Nov— 8 

Polyunsaturated  fats  in  com  oil.  Oct— 6 

Polyvinylchlorides,  starch  added  to.  Sept— 3 

Population : 

Atwater  Lecture.  May— 14 
Morrison  Lecture.  Aug— 12 

Potatoes : 

Cooking  oils  degraded  in  soil.  Feb— 15 
Explosion  puffed.  Jan— 7 
Unpeeled  chips  rate  similar.  Feb— 5 
Poultry: 

Advancing  against  Salmonella.  June— 14 
Cleaner  processing  system.  May— 6 
Egg  wastes  used  in  dog  food.  Dec— 5 
Evaluating    response    to    Newcastle  vaccine. 
Aug— 7 

Gizzard  size  and  broiler  problems.  Aug— 14 
Heating,  cooling  of  houses.  Oct— 18 
Measuring  EKG's  of.  Dec— 11 
Mirex,  effects  of,  on  reproduction.  Sept— 16 
Standard  test  for  Salmonella.  Mar— 15 
Understanding  Marek's  disease  vaccine.  Oct— 8 

Press  cake,  pie  thickener  from.  Sept— 13 

Protein : 

Extraction  from  alfalfa.  Dec— 2 
Extraction  from  hulled  oats.  Nov— 15 
In  peanut  butter.  Apr— 6 
More  nutritious  -wheat  strains.  Mar— 6 
New  soy  concentrate.  Apr— 15 
Perspective  on  future,  editorial.  May— 2 
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Coping  with  the  sugar  crunch.  Sept— 14 
Jaagsiekte,  the  threat  of.  Sept— 14 
Peppers,  abscission  gene  discovered.  Mar— 12 
Reducing  root-knot  on  vegetables.  Oct— 17 
Viruses  control  algal  bloom.  Aug— 5 

Quail,  affects  of  mirex  on  reproduction  of.  Sept— 16 

Rainfall : 

Nitrogen  level  in.  Apr— 16 
Research  on.  Oct— 16 

Rangeland : 

Application  of  nitrogen  to.  Nov— 15 
Complementary      pastures      increase  cattle 

production.    Feb— 3 
Reclaiming  brushy  lands.  Nov— 2 
Wheatgrass  reduces  fire  hazard.  Feb— 16 

Red-banded    leaf    roller,    biological    control  of. 
Apr-8 

Red  blood  cells,  measurement  of  fragility.  Nov— 14 
Remote  sensing  of  wheat  rust.  May— 11 
Resmethrin  used  on  woolens.  Sept— 11 
Respiration,  measurement  of  in  plants.  Apr— 3 
Rhubarb,  retaining  freshness  of.  Jan— 16 
Rumen  motility,  measurement  of.  Nov— 15 

Safety : 

Flame  retardant  cottons.  July— 10 
Flame  retardants  for  wools.  Dec— 3 
Measuring  freshness  of  meat.  Nov— 15 
Nitrosamines  in  meat.  Nov— 5 
Protection  for  sugarcane  workers.  Apr— 16 

Salinity : 

Irrigation  studies  on  Colorado  River.  Dec— 8 

Prevention  of  saline  seeps.  Apr— lO 
Salmonella ! 

Advancing    against.    June— 14 

Standard  test  for.  Mar— 15 
Salmon,  spawing  facility  saved.  Sept— 6 
Sediment  as  pollution,  editorial.  Aug— 2 
Seeds : 

Cotton,     maturation     at     low  temperature. 
May-7 

Disease  in  navy  bean  seeds.  Jan— 15 
Handling,  cleaning,  and  sorting.  Jan— 5 
Sewage,  removing  nitrogen  from.  July— 3 

Sheep : 

Pulmonary  adenomatosis  research.  Sept— 14 
Sodium  ascorbate,  controlling  nitrosamines  with. 
Nov-5 

Sodium  salts  reduce  stock  pond  seepage.  Mar— 3 
Sodium  vapor  lamps  and  insect  attraction.  May— 10 

Soil: 

Amendments  reduce  root-knot.  Oct— 17 
Controlling  erosion  with  wastes.  Nov— 7 
Degrading  cooking  oils.  Feb— 15 
Erosion  control  saves  nutrients.  Jan— 6 
Graded  furrows  or  terraces.  June— 10 
Irrigation  and  salinity  study.  Dec— 8 
Less     compaction     with     pneumatic  track. 
July-16 

Manure  in  soil  management.  Feb— 2 
Nitrogen  and  sewage.  July— 3 
Preventing  saline  seeps.  Apr— 10 
Sediment  as  pollution,  editorial.  Aug— 2 
Trenching  clay  soils.  Sept— 5 
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Sorbitol  as  cold  hardiness  indicator.  Mar— 16 
Sorghum,  higher  yields  with  short.  Sept— 15 
South  American   flea  beetle   fights  alligatorweed. 
Aug— 8 

Soybeans,  hybrid  research  on.  Feb— 8 
Soy  concentrate,  development  of.  Apr— 15 
Starch  added  to  polyvinylchlorides.  Sept— 3 
Steam  blancher  for  processing  vegetables.  Apr- 12 
Stock-pond  seepage,  curbing  of.  Mar— 3 
Stopwatch,  crystal-controlled.  Apr— 14 
Strawberry  pollination.  Oct— 20 
Styrofoam  trays  aid  in  looper  rearing.  May— 11 
Sugarbeets : 

Cold  exposure  to  seedlings.  Oct— 20 

Testing  nitrogen  needs.  Mar— 14 

Yield  reduction  equation.  Jan— IS 
Sugarcane : 

New  varieties.  Sept— 14 

Protection  for  field  workers.  Apr— 16 
Sulfur  dioxide  effects  on  plants.  Aug— 5 
Sunflowers,  development  of  hybrid.  Jan— 3 
Swine,  emetic  causes  vomiting  in.  May— 16 

Techniques,  laboratory : 

Boll  weevil  sterility  test.  Nov— 16 
Cabbage  looper  rearing  methods.  May— 11 
Detecting  red  scale  of  citrus.  June— 8 
Evaluating  Newcastle  vaccine.  Aug— 7 
Light  affects  looper  oviposition.  June— 15 
Liver  biopsy  technique.  Nov— 14 
Measuring  red  blood  cell  fragility.  Nov— 14 
Mixograph  for  wheat  dough  tests.  June— 3 
Pesticide  safety  test.  June— 8 

Temperature  affects  cottonseed  quality.  May— 7 

Terraces,  graded  furrows  vs.  June— 11 

Textiles ; 

Flame  retardant  cotton  fabrics.  July— 10 
Flame  retardant  for  wools.  Dec— 3 
Mote  grooves  in  cotton  ginning.  Oct— 13 
Protecting  woolens  from  insects.  Sept— 11 
Reducing  water  pollution.  Jan— 15 
Spiral  carding  eliminates  steps.  Feb— 12 
Turning  cotton  fabrics  into  glass.  Nov— 3 

Ticks : 

Deticking  agent  shows  promise.  Aug— 15 
Zeroing  in  on  the  Gulf  Coast  Tick.  June— 5 

Tillage : 

Graded  furrows  or  terraces?  June— 11 
Tissue  cultures  used  in  insect  control.  July  6 
Tobacco  budworm : 

Genetic  studies  of.  June— 12 

Sex  attractant  synthesized.  Oct— 18 

Trace  elements : 

Vanadium  seen  as  essential.  Mar— 13 

Trees : 

Better  red  maples  for  urban  areas.  Aug— 3 
Sulfur  dioxide  effects  on  trees.  Aug— 5 
Trenching  clay  soils.  Sept— 5 

Utilization : 

Detecting  apple  bruises  mechanically.  Nov— 11 
Explosion  puffed  potatoes.  Jan— 7 
Flame  retardant  cotton.  July— 10 
Flame  retardant  for  wools.  Dec— 3 
Fresher  whole  milk  concentrate.  Feb— 13 


Hydraircooling  peaches.  Jan— 12 
Instant  fat  tester  for  meats.  July-8 
Making  Lebanon  bologna.  Sept— 12 
Mixograph  for  wheat  dough  tests.  June— 3 
Mote  grooves  improve  cotton  ginning.  Oct— 13 
Nutritious  peanut  butter.  Apr— 6 
Orange  juice  without  bitterness.  Oct— 19 
Pie  thickener  from  apple  wastes.  Sept— 13 
Protecting  woolens  in  storage.  Sept— 11 
Spiral  carding  fibers.  Feb— 12 
Starch  added  to  polyvinylchlorides.  Sept— 3 
Steam  blanching  foods.  Apr— 12 
Turning  cotton  fabrics  to  glass.  Nov— 3 
Unpeeled  potato  chips.  Feb— 5 
Ways  with  whey,  editorial.  July— 2 
Wet-strength  paper  products.  May— 8 

Vaccines : 

Equine  encephalomyelitis.   Sept— 8 

Marek's  disease.  Oct— 8 

Newcastle's  disease.  Aug— 7 
Vanadium  seen  essential  for  health.  Mar— 13 
Vegetables : 

Explosion  puffed  potatoes.  Jan— 7 

Reducing  root-knot  damage.  Oct— 17 

Retaining  freshness.  Jan— 16 

Unpeeled  potato  chips.  Feb— 5 
Venezuelan     equine     encephalomyelitis  vaccine. 
Sept-8 

Verticillium  wilt,  maples  resistant  to.  Aug— 3 
Viruses : 

Controlling  algal  blooms  with.  Aug— IS 
Used  in  insect  control.  July— 6 
Vomitoxin,  new  corn  emetic  named.  May— 16 

Water:  (see  pollution,  also) 

Chemical  kills  algae.  Sept— 6 
Curbing  stock  pond  seepage.  Mar— 3 
Cutting  evaporation  losses.  Sept— 6 
Irrigation  and  salinity  studies.  Dec— 8 
New  device  for  conservation  of.  Feb— 14 
New  lab  dedicated.  Oct— 19 
Staving  off  saline  seeps.  Apr— 10 

Western  equine  encephalomyelitis  vaccine.  Sept— 8 

Wheat : 

Mixograph  for  baking  tests.  June— 3 
More  nutritious  strains.  Mar— 6 
Reducing  foot  rot.  Nov— 12 
Remote  sensing  of  leaf  rust.  May— 11 
"Slow  rusters"  found.  Feb— 16 
Soy-fortified  flour  exports.  Dec— 11 

Wheatgrass  resists  range  fires.  Feb— 16 

Whey: 

Feeding  to  dairy  cattle.  Nov— 8 
Ways  with  whey,  editorial.  July— 2 
Whitefringed    beetle    control    on    nursery  stock. 
Dec-13 

Windbreaks,  toward  more  effective.  June— 16 
Woolens : 

Flame  retardant  for.  Dec— 3 

Protection  from  insects.  Sept— 11 

Yearbook    of    Agriculture,    Handbook    for  the 
Home.  Feb— IS 

Zinc,  cholesterol  level  linked  to.  Aug— 10 
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